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RF transponder with resonant crossover antenna coil 



|Jj^) An RF transppn<^;couples the outer end (|£) 
soiled antenna vvk^i^(4) to a transponder circuit 
cated inside thewjhpj^ (4) by a lead line (16) t|at 
^ ^ ;es over the win^rig t^s and is separated from t|e 
wrrSding (4) by a dielWtriSniateriaL The width of the lead 
line (16) is substantially 'greater than the antenna line 
wjdth, yielding capacitances at the crossover sites that 
establish a resonant frequency for communicating with 
the%ansponder circuit (8) at a predetermined RF fre- 
quency. An optional discrete capacitor (20) can also be 
used to boost the capacitance to a desired level. All of 
theftransponder components are formed on one side of 
a flexible substrate (2), the opposite side of which is 
coated with an adhesive that is covered by a peel-off 
sheet, allowing the transponder to be affixed to packages 
as a part of a package identification system. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

This invention relates to RF (radio frequency) trans- 
ponder systems, and more particularly to transponder 
systems with a self-resonant antenna implemented on 
one side of a substrate that can be affixed to an object 10 
to be identified. 

Description of the Related Art 

The development of machine readable identification 75 
tags for applications such as airport luggage systems 
and package identification has allowed for more efficient 
and cost effective identification.. Bar-coded labels are 
most popularly used for this purpose. The labels are flex- 
ible and have an adhesive coating on their rear surface 20 
that allow them to be applied to objects of many different 
sizes and shapes. However, bar-code systems have sev- 
eral undesirable limitations. They can be read only along 
a line-of-sight, require the reader to be positioned rela- 
tively close to the label being read, can produce false 25 
readings in the case of very dirty or. obscure labels, and 
also require that the reader be properly oriented relative 
to the label. 

RF transponders have also been developed that pro- 
vide an identification code, or at least an indication of the 30 
presence of the transponder. An interrogator transmits 
an RF signal that is picked up by the transponder 
antenna. The antenna either powers a circuit that is 
included in the transponder and retransmits an identifi- 
cation code, or couples back to the interrogator in the 35 
case of an "I am here" system in which only the presence 
of the transponder, not its identification, is sensed. Trans- 
ponders provide an identification mechanism that can be 
read even when the transponder is not within the sight 
of the interrogator, operate at longer ranges than bar 40 
code systems, are not subject to errors because of dirt 
accumulation, and do not require any particular physical 
orientation between the transponder and the interroga- 
tor. 

Most transponders consist of a coil of wire that is 45 
stuck together during manufacture to form a relatively 
stiff planar body A small printed circuit board that 
includes an IC chip for the identification code, and also 
a chip capacitor, are glued to the coil, which is then typ- 
ically laminated between two sheets of plastic to produce so 
a product with an appearance like a credit card. The 
capacitor is selected so that, together with the coil induct- 
ance, it forms a tuned circuit that resonates at the inter- 
rogator frequency to enhance the coupling of energy into 
the transponder circuit. More recently, transponders 55 
have been developed in which a capacitor is integrated 
into the IC chip, rather than as a discrete device. A typical 
transponder system that transmits an identification code 
in response to an interrogation signal at its tuned fre- 
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quency is described in LW^atent No. 4,730.188 to Mil- 
heiser. 

In the case of an "I am here" transponder system, 
which is useful for example in electronic article surveil- 
lance systems, an aluminum antenna coil has been 
formed on opposite sides of a dielectric sheet by stamp- 
ing or embossing, the use of metalized thin films or con- 
ductive paints, or bonding pre-cut spiral patterns onto the 
sheet. The two halves of the coil on opposite sides of the 
sheet are aligned with each other, producing a self- 
capacitance that results in resonance at the desired fre- 
quency. Such a system is described in U.S. Patent No. 
4,598,276 to Tait. The antenna coil's self-capacitance 
eliminates the need for a discrete capacitor, or reduces 
the size of any additional capacitor that may be required. 

While transponder systems have advantages over 
bar-code systems in their ability to read an identification 
code from a distance, a typical transponder is consider- 
ably more expensive than a bar-code label, and available 
transponders cannot easily be affixed to a wide variety 
of objects with different sizes and shapes. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide a new type 
of transponder that retains the advantages of prior trans- 
ponder systems in reading an identification code at rel- 
atively long distances, yet is less costly to manufacture 
and can be easily attached to many different types of 
packages to be identified. 

These goals are achieved by fabricating a trans- 
ponder on a single side of a flexible dielectric substrate, 
with an adhesive on the opposite side of the substrate 
for adhering the transponder to an object to be identified. 
A peel-off sheet preferably covers the adhesive until the 
transponder is placed in use. A self-capacitance is estab- 
lished within the antenna coil by a wide antenna lead for 
connection to the transponder circuit, and crossing the 
lead over the much narrower turns of the antenna. The 
lead is insulated from the underlying antenna turns by a 
dielectric material, thus forming crossover capacitances 
that collectively establish the desired antenna resonant 
frequency. 

The total self-capacitance varies with the width of 
the lead line. If the capacitance is insufficient to establish 
resonance at the desired frequency, a discrete capacitor 
can be added to the substrate by a pair of conductive 
sheets that are separated by a dielectric adhesive. Any 
such discrete capacitor is considerably smaller than the 
capacitor that would be needed in the absence of the 
cross-over self-capacitances. 

These and other features and advantages of the 
invention will be apparent to those skilled in the art from 
the following detailed description, take together with the 
accompanying drawings. 
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WINGS 



FIG. 1 is a plan view of a transponder incorporating 
the invention; 

FIG. 2 is a sectional view taken along the section 
line 2-2 of FIG. 1; 

FIG. 3 is an enlarged fragmentary plan view illustrat- 
ing the self-capacitance antenna crossovers used 
by the invention; and 

FIG. jjhs a partially schematic .block diagram of an 
RF comffiiinication system that^p be used with the 
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n be formed for exar^plfe from paper or a 30 

flexible plasfi&. The sibstrate'size willlgenerally depend 
upon the resgfiredjaritenna size; a standard 8V£xi 1 inch 
(2 1 . 6x27.9 crag sheet is suitable for a resonant frequency 
of125KHz.^ 

An antenna coil 4 is fabricated on one side of the 35 
sheet around an open central area. The coil is preferably 
formed from;3luminum printed directly on the substrate 
by stamping or embossing. Although only four antenna 
turns are illustrated, 'atypical transponder can have on 
the order of 100 turns. Typical dimensions for the 40 
antenna line 6 are aiwifith of 0.02 inch (0.51 mm) and a 
height of 0.00£7 inch (1.7.8 micrometers). 

An IC chip 8 that is^ecured to the substrate by a 
suitable adhesive 10 includes a memory section with an 
identification code for. uniquely identifying an object to 45 
which the transponder is, attached. The code can either 
be stored in the chip during its fabrication, or written into 
the chip later in the case of a writable memory. The coil 
4 energizes the chip when it receives an interrogation 
signal, and rebroadcasts an identification code trans;mis- so 
sion back to a receiver (which is commonly integrated 
into the interrogator, also referred to as an 
exciter/receiver or reader). 

The inner end 12 of the coil is connected directly to 
the IC chip, while its outer end 1 4 is connected by a lead ss 
line 1 6 that crosses over the intervening coil turns to pro- 
vide a second energizing input to the chip 8. As 
described in further detail below, the lead line 1 6 is con- 
siderably wider than the width of the antenna line in any 



w 



15 




individual turn. It is separated from the antenna coil by a 
dielectric layer 18, thus forming a capacitive element at 
each crossover site between the lead 16 and an under- 
lying coil line 6. The dielectric 18 can be implemented 
either as a dielectric adhesive, or as a thin film dielectric 
with a thin adhesive on opposite sides to secure the lead 
H§e 16 over the coil. 

|| The width of the lead 1 6 and the thickness and die- 
lectric constant of the dielectric layer 18 are preferably 
selected to establish a collective cross-over capacitance 
tfrat, together with the coil's inductance, establishes res- 
onance at a desired transmission frequency, such as 1 25 
*pr 400 KHz.^iowever, in the case o^a-small substrate 
fsuch as 1 .5x|&5 inch (3.8x3.8 cm), the r cross-over capac- 
itance might ^t be great enough for resonance. In that 
case a discrite capacitor 20 formed from upper and 
; lower metal foiljplates 22 and 24 and an intervening die- 
ric layer 26 "can be provided on the same side of the 
strate as the coil 4, within the co&tums. The lower 
al capacitor is securM fo the substrate 
by a suitable adhesive. Its opposite^piates are con- 
oected to the same chip inputs as thejnner coil end 12 
and the lead line 1 6, so that the discrete capacitance 
adds to the sum of the cross-over capacitances. 
I** All of the.elements described thusHarare formed on 
fhe same sidex3f||e substrate 2, ancf except for the small 
'# chip 8 th^fs^all thin enough to allbfo the substrate 
|||be flexed.?f^^hip 8 is small enougtfso that it does 
trot signrf icari^lnfe&fere with the substrate flexibility. The 
o^osite-sjde*o^^?substrate from the transponder ele- 
ments .is *c^tedt-with an adhesive 28 that allows the 
tflrtspond|r|f|^||a^hered to an objeStfor identification 
purposes. Theiadhlsive 28 is coverld;with a sheet of 
glossy peel-off papW 30 or other suitable removable cov- 
ering that exposes the adhesive only when it is desired 
to attached the transponder to a particular object. Once 
the sheet 30 has been removed, the transponder can be 
adhered, for example, to a piece of luggage that is moved 
on a conveyor belt past an interrogator in an airport auto- 
mated luggage handling system for identification and 
movement to the proper location. The binding strength 
of the adhesive 28 is preferably selected to ensure that 
the transponder remains on the luggage during transit, 
but is low enough for the transponder to be peeled away 
from the luggage when desired. 

FIG. 3 is- an exploded view illustrating a portion of 
the antenna coil, with the lead line 16 crossing over a 
series of coil lines 6. Although only six coil lines are illus- 
trated, a typical winding might include on the order of 1 00 
turns. The width W of the lead line 1 6 is generally at least 
ten times the width of the individual coil lines. It is pref- 
erably selected to produce a collective cross-over capac- 
itance that, together with the coil's inductance, sets the 
coil's resonant frequency at the interrogation frequency; 
the cross-over areas 31 are indicated by shading in the 
drawing. For example, assume that the coil has 100 
turns, the dielectric 18 between the lead line and the 
underlying coil is 0.001 inch (25 micrometers) thick with 
a dielectric constant (K) of 3.2, the operating frequency 
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is 125 KHz and the coil inductances?^ millihenries. 
Working from the standard formula for resonant fre- 
quency f=1/27i7LC. the desired capacitance for reso- 
nance is 53.56 picofarads. Assuming further that the 
width of each coil turn is 0.02 inch (0.51 mm), the lead 5 
width W can be determined from the standard formula 
for a two-plate capacitor: C=0.225kA/t, where A is the 
plate area is square inches and t is the dielectric thick- 
ness in inches (C=0.0885kAVt\ where A' is the plate area 
in cm2 and t' is the dielectric thickness in cm). With the w 
equivalent "plate" area equal to the number of crosso- 
vers multiplied by the product of W and the width of each 
coil turn, the desired W for resonance is 0.372 inches 
(0.945 cm). /- 

The IC chip 8 can generate an identification code in 15 
a conventional manner, such as that described in U.S. 
Patent No. 4,730,188 to Milheiser. A suitable communi- 
cations system, similar to that described in the Milheiser 
patent, is shown in block diagram form in FIG. 4. Various 
available exciter/receivers can be used, such as \ije 20 
IvllNIREADER or MAXIPROX readers by Hughes Iden- 
tification Devices, Inc. The exciter/receiver 32 is shown 
as consisting of three main functional units: an exciter 
34, signal conditioner 36 and demodulation and detec- 
tion circuits 38. The exciter 34 includes an AC signal 25 
source 40, followed by a power driver 42 that provides a 
high current excitation signal to an interrogator antenna 
coil 44 through a capacitor 46. The interrogator coil '44 
and the capacitor 46 are selected to establish a series 
resonant circuit that resonates with minimum impedance 30 
and maximum current at the excitation signal frequency. 

The signal conditioner 36 connects to the interroga- 
tor coil 44 and serves to amplify the identification signal 
returned from the transponder, while filtering out the exci- 
tation signal frequency as well as other noise and unde- 35 
sired signals outside the frequency range used by the 
transponder signals. It includes a bandpass filter/band- 
stop filter 48 that actively passes the identification code Claims 
signal frequencies returned from the transponder and 
passively excludes the high energy at the excitation fre- 40 1 . 
quency, and an amplifier 50. 

The amplified output of the signal conditioner 36 is 
fed to the demodulation and detection unit 38, which 
includes a frequency shift keyed (FSK) demodulator 52 
and a microcomputer 54. The FSK demodulator 52 is a 45 
phase-locked loop circuit configured as a tone decoder 
which gives a digital output as the signal from the trans- 
ponder shifts between two frequencies. The microcom- 
puter 54 extracts the identification code from this digital 
output by observing the timing of transitions between the so 
two logic levels. The identification code obtained by the 
microcomputer 54 can be transferred to a display or 
printer, sent over communication lines to a remote point, 
stored on tape, disk or other storage medium, or sent to 
another computer. 55 

The transponder includes the antenna coil 4, which 
receives magnetic flux generated by the interrogator coil 
44 and couples energy at the exciter frequency into the 
transponder. This energy is converted to a DC voltage 



using a full-wave rectifi^lridge 56 and a smoothing 
capacitor 58. This DC voltage supplies the power to a 
control logic and identification memory circuit 60. 

The control logic 60 consists of counters and gates 
which sequentially read out the contents of the identifi- 
cation memory 60b. The logic 60a also inserts a sync 
word into the signal data stream to allow the 
exciter/receiver to synchronize to the data. The excita- 
tion signal which appears on the transponder coil 24 is 
supplied to the control logic to provide a clock signal. The 
control logic circuit 60a converts the serial data and sync 
stream into a frequency shift keyed (FSK) waveform, 
which is connected to the transponder coil 4 through 
complementary current syncs, to transmit the FSK iden- 
tification signal. The transmitted signal is received by the 
interrogator coil 44 due to the mutual inductance 
between it and the transponder coil 4, and is amplified 
by the signal conditioner and detected. The components 
of the exciter/receiver 32 can be implemented as either 
different units which are connected to one another, or 
wired together as a single unit. 

The sum of the various crossover capacitances is 
represented by a single collective capacitor 62 con- 
nected in parallel with the transponder winding 4. 
Although theoretically the transponder could operate 
without a resonant circuit in the presence of a sufficiently 
strong exciting field, the establishment of a resonant 
operation allows for a much more efficient coupling of 
excitation energy into the transponder. This in turn 
makes if practical to locate the exciter/receiver 32 a sub- 
stantial distance away from the transponders. 

While a particular embodiment of the invention has 
been shown and described, numerous variations and 
alternate embodiments will occur to those skilled in the 
art. Accordingly, it is intended that the invention be limited 
only in terms of the appended claims. 



An RF (radio frequency) transponder, comprising: 
a substrate (2), 

an electrical transponder circuit (8) on said 
substrate (2), 

an antenna coil (4) on said substrate (2) 
formed from multiple turns of an antenna line (6), 
with spaced locations (12, 14) on said antenna (4) 
connected to couple an RF input signal to said circuit 
(8), one (1 4) of said antenna locations (12, 1 4) being 
connected to said circuit (8) through a lead (16) that 
crosses over the antenna turns, and 

a dielectric material (18) separating said lead 
(16) from said antenna turns at said cross overs to 
produce crossover capacitances between said lead 
(16) and said antenna turns, 

the width (w) of said lead (16) being substan- 
tially greater than the width of said antenna line (6) 
to yield crossover capacitances that establish a res- 
onant frequency for communicating with said circuit 
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(8) through said antenna col 
RF frequency. 
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at a predetermined 
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The RF transponder of claim 1 , characterized in that 
said lead (16) is at least ten times wider than said i 
antenna line (6). 

7 ' ' 

The RF transponder of claim 1 or claim 2, charac^ 
terized in that^aid transponder circuit includes a J| 
fiat adds to said t crossoy^capaci 
^3aid resonant frequ 
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of conductive 
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dielectric adhei 
a substantially la 
circuit. 




of cliaim,4i- characterizi 
circuit is fabricated on anl 




1 3. The RF transporter of any of claims 1-12, charac- 
terized in that said circuit (8) is fabricated on an IC 
(integrated circuit) chip (8) that is adhered to said 
substrate (2). 

14. An RF transponder, comprising: 

subst||te (2), 
^n electrical circuit (8) on said substrate (2) 
^ that includes Memory storage (60b) for an identi- 
5 fication code, || 

a multi-wH antenna (4) on the same side of 
saidj^strate (2) as said circuit (8), said antenna 
(4) ^mmunicatinjiwith said circuit (8) t^^fergize 
the <|rcuit (8) and|||radiate its identificatij^ coae in 
response to a recl||fed RF signal at a predetermined 
resonant frequenclfend 

an adhesive||>8) on the opposite side of said 
|e (2) from said circuit (8) and anteiig^4) for 
I the transponder to a body to beSagffiified. 



transponder of claim 14, charact 
peel-off cover (30) over said adhesive (28)/.*-^ 




by a 



[r of claims or claim* 5, charac-.*- 
a pair 1 
of.^aidi. 



apacitor (20) comptis 
^'(22/2^^)^0^ 
[gred toi^'su^traj 
ered t^fHefiiigt^j 
26), saiS^a^feiti 
srareatf^jtbe, 
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16. TheJ3|f transponder of claim 14 or clairpj 
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7. The RF transporter of pf claims : ;3 
' : terized in that said cfffeuit (8), aWj^hna^coil (4), 

antenna lead (16) and ca^rtor (20)%re all located 
on the same side said sflfetrate (2j: 

8. The RF transponder of any of claims 1 - 7, charac- 
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mined RF frequency. M§ 



The RF transponder of cl 
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The RF transponder of an; 
terized by an adhesive (28 
said substrate (2) from sai3 
(4) and antenna lead (16). 
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1 1 . The RF transponder of claim 1 0, characterized by a 
peel-off cover (30) over said, adhesive (28). 

12. The RF transponder of any of claims 1-10, charac- 
terized in that said substrate (2) is formed from a flex- 
ible material. 
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within the embryo proper (the area pellucida) give rise to 
myocardial and endothelial cells. 

Various studies have indicated that the mesodermal germ 
layer is multipotential and can give rise to blood and endo- 
thelial cells, myocardial and endothelial cells, or myocar- 
dial and red blood cells. Histological examination of quail- 
chick chimeras has demonstrated that early blood cells 
share lineage with endothelial cells (Pardanaud et al, 1989). 
It has been hypothesized that there exists a bipotentiai stem 
cell, the hemangio blast, that gives rise to endothelial and 
hemopoietic cells (Murray, 1932; Pardanaud and Dieterlen- 
Lievre, 1993; Pardanaud et al. 1989,- Sabin, 1917; Zon, 
1995). That endothelial cells may share a common precursor 
with myocardial cells has been suggested by several investi- 
gators. Light and electron microscopic analyses have de- 
tected endothelial cells within the cardiogenic fields mi- 
grating from premyocardial cells (Viragh et al, 1989). HH 
stage 5 cardiogenic mesoderm forms both myocardial and 
endothelial cells when cultured with the underlying endo- 
derm (Sugi and Markwald, 1996J. Moreover, a recent study 
has shown that HH stage 4 primitive streak mesoderm pos- 
sesses the potential to differentiate into either cardiomyo- 
cytes or erythrocytes tSchultheiss et al, 1995). Together, 
all these studies suggest that early mesodermal cells have 
the capacity to differentiate into myocardial, endothelial, 
and/or blood cells when placed under permissive condi- 
tions. However, none of these experiments determined 
whether all of these phenotypes can be produced from a 
single progenitor cell. 

The existence of a progenitor cell that is capable of giving 
rise to myocardial, endothelial, and blood cells was sug- 
gested by the data of Lee et al. (1994). By fluorescently label- 
ing cells in early zebrafish blastulas, they were able to deter- 
mine that cells residing within the ventral region of the 
blastula can give rise to myocardial, endothelial, and blood 
cells. This muitipotentiality diminished as the embryo 
aged. Data from our avian blastoderm aggregates confirm 
that early embryonic cells are multipotential. Aggregates 
made of stage 3 and 4 blastoderms would often contain 
hemoglobin-positive cells, which were never observed in 
nontreated aggregates from stage 5 embryos. Likewise, the 
contractile phenotype seen in stage 5 aggregates was not 



manifested in younger cultures — although stage 3 and 4 
cultures did occasionally produce a few cells that expressed 
sarcomeric myosin. Previous studies have shown that blas- 
toderm cultures of even earlier stage embryos can support 
erythroid cell differentiation (Zagris, 19S0). Again, beating 
cells were only observed among aggregates derived from 
older blastoderms. The question arises from both the zebra- 
fish microinjection and the avian blastoderm culture stud- 
ies as to why mesodermal diversification is subject to stage- 
dependent restrictions. We believe that the mixed QCE-6/ 
avian blastoderm cell cultures help answer this question. 

QCE-6 Cells Are Representative of Early Mesoderm 

We have reported previously on the derivation and initial 
characterization of QCE-6 cells. This cell line was derived 
from HH stage 4 quail mesoderm and appears to possess 
the phenotype of nondifferentiated mesoderm. When cul- 
tured as a monolayer, QCE-6 cells can be induced, by the 
combined treatment with retinoic acid, bFGF, TGF.02 and 
TGF.33, to differentiate into either myocardial or endothe- 
lial ceil types. When TGF31, PDGF, and IGF-II are com- 
bined with the other four factors, the myocardial derivatives 
of QCE-6 cells begin to show organization of various sarco- 
meric proteins. This pattern is still presarcomeric and QCE- 
6 cells have not demonstrated a contractile phenotype under 
those culture conditions. However, the experiments re- 
ported in the present communication definitively demon- 
strate that QCE-6 cells possess the potential to differentiate 
inco fully contractile cardiomyocytes. Thus, the inability 
of QCE-6 cells to beat when cultured alone is due to the 
limitations of the culture conditions/ not to the limitations 
of the cell's differentiation potential. 

The other important finding regarding the potentiality of 
QCE-6 cells is that they are able to form red blood cells. 
Hence, this cell line seems to possess the same potential 
as early nondifferentiated mesoderm. When incorporated 
into mixed cell aggregates, QCE-6 cells will give rise to the 
same cell types as does the early avian blastoderm cells. 
Moreover, differentiated QCE-6 cells will sort with identi- 
cal cell types that are derived from the embryonic cells. 
Therefore, within the mixed cell aggregates, QCE-6 cells 



FIG. 5. Cardiomyocyte differentiation of QCE-6 cells within blastoderm cocuhures. Immunofluorescence microscopy of QCE-6 cells 
cultured with HH stage 5 chicken blastoderm cells. Aggregates were stained with anti-/?-gaiactosidase antibody (green fluorescein), MF20 
antibody (red rhodamine 1 , and the blue nuclei stain DAPI. A sample aggregate was visualized for all three stains (A), fluorescein only (B), 
or rhodamine only (CI. Both QCE-6 and chicken blastoderm cells display sarcomeric myosin. In A, the yellow color indicates QCE-6 cells 
that were both tf-galactosidase and sarcomeric myosin positive. The arrows denote two examples of regions that contained sarcomeric 
myosm-positive QCE-6 cells. These areas corresponded to regions of the aggregates chat demonstrated contractility. The arrowheads 
indicate an example of QCE-6 cells that were sarcomeric myosin negative. Bar, 200 ^m. 

FIG. 6. Cardiomyocytes derived from QCE-6 cells exhibit myofibrils. Phase jA) and immunofluorescence (B-D| microscopv of aggregate 
cultures, consisting of QCE-6 cells and HH stage 5 chicken blastoderm cells that were disrupted and plated on eight- well chamber slides. 
Subsequently the cultures were stained with both cardiac-specific sarcomeric myosin 109-19 (B,D) and £-galactosidase-specific (CI antibodies. 
QCE-6 cells were identified by cytoplasmic /3-galactosidase staining (CI. Arrows indicate myosin- positive QCE-6 cells, while the asterisk 
denotes an adjacent myosin-positive chicken blastoderm cell (B), as shown by its lack of 3-galactosidase reactivity ;C). A comparison of B 
and C also indicates that the upper right and lower left areas of this cellular field contain many sarcomeric myosin-negative QCE-6 and 
chicken cells, respectively. The yellow arrow indicates a QCE-6 cell that displayed myofibrils (arrowhead! when imaged at higher magnification 
\D\. Note that the sarcomeric myosin-positive QCE-6 cells possessed typical myofibrils. Bar, 50 /im iA-C ; 15 ,D). 
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FIG. 7. Red blood cell differentiation of QCE-6 cells when cultured within HH stage 4 blastoderm aggregates. Immunofluorescence |A 
and C< and phase <Bi microscopy of mixed QCE-6 and stage 4 chicken blastoderm cell aggregates. In A is shown an aggregate stained with 
both QH1 antibody <red rhodamine'- and DAPI (blue nuclei stain). As QH1 only recognizes cells of quail origin, positive reactivity marks 
the QCE-6 cells. This antibody indicates cells that express either endothelial or blood cell phenotypes. B and C show an individual 
aggregate culture derived from stage 4 chicken cells and vital dye-labeled QCE-6 cells. As observed bv phase microscopy ;b;. this aggregate 
contained many red blood cells. Thar a significant number of these hemoglobin-positive cells were derived from QCE-6 ceils is indicated 
(arrows! by the partem of vital dye fluorescence iC!. Bar, 100 ^m. 
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FIG. 8. QCE-6 cells will produce hemoglobin upon differentiation within HH sta^e 4 blastoderm aggregates. Phase (A] and immunofluo- 
rescence iB.CJ microscopy of mixed stage 4 chicken/QCE-6 cell aggregate. Aggregate was sectioned and stained with antibodies specific 
to either hemoglobin (B) or 3-galactosidase |C). Arrows indicate areas containing hemoglobin-positive QCE-6 cells. Arrowheads denote 
regions containing QCE-6 cells that did not undergo red biood cell differentiation. Bar, 100 y.m. 



behave in a manner that is indistinguishable from early 
mesodermal cells. 

The Plasticity of Early Mesodermal Cells 

The aggregate cultures of* the different stage embryonic 
cells show distinct differentiation profiles. Two interpreta- 
tions of these results are that: (a) as embryos age, cells un- 
dergo commitment and thus produce distinct cell types or 
jbl the cellular environment changes among the early blasto- 
derm, which provokes nondifferentiated mesoderm to diver- 
sify along restricted pathways. The mixed QCE-6/blastoderm 
cell aggregate studies seem to support the second explana- 
tion. QCE-6 is a cloned cell line and, therefore, the cells are 
of the same level of commitment. Yet, within the mixed cell 
aggregates, QCE-6 cells will behave in a manner indistin- 
guishable from the embryonic cells — in accordance with the 
stage of the latter cells. Thus, the restriction in cell diversifi- 
cation among different stage cell aggregates seems to be pri- 
marily due to environmental changes. As aggregate cultures 
may provide a simplified form of an embryonic environment, 
we could extrapolate from these Endings and hypothesize 



TABLE 4 

Phenotypes Expressed by Factor-Treated Aggregates Containing 
both QCE-6 and Chicken Blastoderm Cells 





Total 




% with 


% with 


Factor 


No. 


Stage 


RBCs 


beating 


SCF 


i? 


4 


100 


0 






5 


33 


0 


TGFcv 


25 


4 


40 


60 






5 


0 


65 


SCF-!-TGFa 


35 


4 


100 


0 






5 


20 


0 



that cells within the early embryo retain a high degree of 
plasticity. The question of whether either red blood and en- 
dothelial cells or endothelial and myocardial cells are derived 
from common stem cells may be moot, since the plasticity 
of early mesodermal cells may indicate their potential to 
differentiate into any of these cell types. Cell diversification 
would thus be driven primarily by regional cues, in a process 
that does not necessarily involve an immediate restriction 
or cell potential via lineage commitment. Mesodermal cell 
fate would then be determined by embryonic location, as 
positional, not cellular, commitment drives diversification 
during early development. 

Growth Factors That Regulate Mesodermal Cell 
Diversification 

To begin to understand what signaling molecules may be 
important for regulating mesodermal cell diversification, 
we treated our aggregate cell cultures with various signaling 
molecules that have been implicated in the development 
of the endothelial, myocardial, and red blood cell lineages. 
VEGF has been shown to be important in angiogenesis or 
blood vessel formation, where it may trigger the endothelial 
phenotype in progenitor cells (Bikfalvi and Han, 1994 : Fer- 
rara et al\ 1992; Flamme et al. 1995; Millauer et al. 1993). 
Erythropoietin plays a pivotal role in erythrogenesis (Bik- 
falvi and Han, 1994; Rich, 19921 and has been detected in 
the early gastrula stage embryo [Yasuda et al. 1996). bFGF 
promotes blood tissue in younger (Eyal-Giladi and Kochav. 
19761 chicken blastoderms (Gordon-Thomson and Facian, 
1994) and has been shown to play a role in the "hemangi- 
oblastic" cell lineage, up-regulating both erythrogenesis and 
vasculogenesis (Kxah et al. 1994). Previous studies with 
QCE-6 cells have indicated that bFGF may also be im- 
portant for both myocardial and endothelial differentiation 
(Eisenberg and Bader, 19961. Cells undergoing erythrogen- 
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esis are influenced by SCF in early gastrula Xenopus em- 
bryos, where this growth factor stimulates hemoglobin ex- 
pression in ventral mesoderm (Ong ex aL. 1993). Further- 
more, it is hypothesized that there are two populations of 
hematopoietic stem cells in the chicken, those responsive 
to SCF and those affected by both SCF and TGFa (Hayman 
et aL, 1993; Steinlem et aL. 1995). 

Of the factors that we added to aggregate cultures/ SCF 
and TGFa demonstrated the most profound effects. SCF 
was a potent stimulator of red blood cell differentiation. 
SCF not only increased the frequency of red blood cell for- 
mation among stage 3 and 4 aggregate cultures, but it in- 
duced the expression of hemoglobin-positive cells within 
stage 5 cultures. TGFar significantly enhanced the expres- 
sion of beating cardiomyocytes among stage 5 blastoderm 
cell aggregates. Moreover, in combination these two growth 
factors acted synergistically in stimulating red blood cell 
formation. However, myocardial differentiation in the pres- 
ence of both SCF and TGFa was identical to that demon- 
strated with TGFa alone. 

The incorporation of QCE-6 cells within the blastoderm 
cell aggregates significantly modified the pattern of myocar- 
dial cell expression in response to SCF and TGFa. SCF stim- 
ulated higher frequencies of red blood cell formation among 
these mixed cell aggregates, in comparison to blastoderm 
cells only. However, most noticeable was that the contrac- 
tile phenotype normally observed among stage 5 blasto- 
derm/QCE-6 cell aggregates was completely inhibited by 
SCF. On the other hand, TGFa by itself caused an even 
greater stimulation of myocardial differentiation than that 
observed in the absence of QCE-6 cells. The effect of TGFa 
was most obvious among stage 4 blastoderm/QCE-6 cell 
aggregates, which now exhibited beating tissue. Interest- 
ingly, addition of both growth factors produced results that 
indicated SCF was the dominant factor which could com- 
pletely block the myocardial-enhancmg activity of TGFa. 
The question that arises from these last experiments is why 
the mixed cell and the blastoderm cell only aggregates re- 
sponded differently to these two growth factors. One possi- 
ble explanation may be related to the initial cellular distri- 
bution within aggregate cultures, since QCE-6 cells are rep- 
resentative of early mesoderm, whereas blastoderm cells 
represent all three germ layers. Since SCF and TGFa were 
added at the time of culture initiation, it may be that the 
stimulation of a greater number of total mesodermal cells 
at day 0 will affect subsequent interactions among mesoder- 
mal, ectodermal, and endodermal cells. 

At present, our data do not allow us to determine if SCF 
and TGFa regulate mesodermal- cell diversification either di- 
rectly or indirectly. Also, our data do not address whether 
the synergistic stimulation of red blood cell formation by 
SCF and TGFa reflects the presence of distinct red blood cell 
precursors, as has been postulated for avian lineages. How- 
ever, the growth factor studies do support further the high 
level of plasticity among early mesodermal cells. For exam- 
ple, that stage 5 blastoderm cells still retain the ability to 
give rise to red blood cells. Furthermore, the results described 
in this report give further evidence as to the utility of QCE- 



6 cells for elucidating pathways of mesodermal cell diversifi- 
cation. Future experimentation involving the introduction of 
genetically altered QCE-6 cells into blastoderm aggregates 
should complement ongoing studies under standard culture 
conditions lEisenberg et aL. 1 997) in the analysis of individual 
gene function in mesodermal cell differentiation. 
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